Introduction
Juice from fresh green crops is very labile and its composition changes rapidly. Microbial growth and enzymic proteolysis deteriorate juice involving fermentation and a decrease in true protein content (CHEESEMAN 1977 , STEWART and HOUSEMAN 1977 , PIRIE 1978 , NORGAARD PEDERSEN et al. 1981 . If juice cannot be fed to pigs in a short time after expression, preservation is needed to minimize protein breakdown and animo acid destruction. Storage and preservation are also required on account of seasonal and daily variation in plant juice production, and the need to standardize the product and save labour. Preservation is achieved by heating to inactivate proteolytic enzymes and adding chemicals to prevent microbial spoilage and inhibit undesirable chemical changes. Juice has also been preserved effectively by acidification to the low pH value of 3 together with the use of some bacteriostatic agent (CHEESEMAN 1977 , BARBER et al. 1979 , NORGAARD PEDERSEN et al. 1981) . STAHMANN (1978) proposed anaerobic fermentation as a suitable method for preserving grass juice and coagulated leaf protein.
Drying is the method most often used in preservation of leaf protein concentrate (FOXELL 1977) . But comparison of air-dried and oven-dried samples with freeze-dried samples of leaf protein has shown that substantial damage can occur during drying, particularly when high temperatures or long drying times are involved (MORRISON 1977) .
The purpose of the present investigation was to study whether acidification and formaldehyde treatment, the methods used in silage making, are a satisfactory means of preserving plant juice and wet leaf protein concentrate.
Materials and methods
The experiment consisted of ten preservation treatments of plant juice and eight of wet leaf protein concentrate (LPC). The procedure used for expression of juice and leaf protein coagulation is presented by NÄSI (1983 a) . Grass, clover and pea juice in portions of 800-1000 g was stored in glass bottles for 90 (McCULLOUGH 1967) lactic acid (BARKER and SUMMERSON 1941) and volatile fatty acids were determined later by gas-liquid chromatography (HUIDA 1973) In grass juice the initial TP content was low, only 0.4 %, and the TP:CP ratio was as low as 32 % (Table 2 ). In the unpreserved sample after storage, the pH value was 4.7 and the sugars had mostly been fermented to lactic acid and partly to acetic acid; the TP losses were 10.5 % and ammonia had increased to 8.6 % of total nitrogen. Additive application levels of 0.25-0.5 % were adequate to prevent microbial fermentation, except in the case of 0.25 % AIV 1 solution. The increase of NH 3 -N was also halted by the additives. The overall high proportion of NPN in total CP was caused by the endogenous proteolysis occurring in unheated juice. TP losses were thus quite marked in the samples containing additives, 5-14 %, in spite of the fact that the microbial fermentation of sugars was prevented.
In the preservation of clover juice, additive levels of 0.25 % were not sufficient to prevent sugar fermentation, as can be seen from the increase in the concentrations of lactic and acetic acid (Table 3 The results indicated that degradation of true protein and amino acids in juice can be restrained by lowering the pH. However, to obtain complete preservation the pH must be lowered under 3,0 (CHEESEMAN 1977 , STEWART and HOUSEMAN 1977 , BARBER et al. 1979 (BARBER et al. 1979) .
According to the results of the present investigation plant juices can be preserved with the additives used in making silage, and, used at adequate levels (0.5 %), these will prevent microbial fermentation. The juices should be heated shortly after extraction and before treatment with preservative, to prevent enzymic proteolysis.
Clover leaf protein concentrate (LPC) was preserved with various additives applied at levels of 0.5-3,0 % (Table 5) by heating the juice with steam injection to 85°C, which eliminated the proteolytic enzymes and also partly sterilized the material. Table 6 presents the chemical changes taking place during storage of pea LPC with various additives used at two levels, 0.6 and 1.0 %. With the lower level, sugar fermentation occurred in all the treatments, although the pH was under 4.0, and this caused considerable losses of DM, 9-11.5%. The losses of TP were also higher than in the grass or clover LPC treatments. These losses were also relatively high during storage of pea juice compared with the losses in grass and clover juices.
Grass LPC was preserved with various additives at the 1.0 % level. In Table 6 the results of two series have been pooled. The DM losses during storage were 3. 7-4. 5 % and the TP losses 5.0-7.9 %. Fermentation of sugars was slight. A minor increase in the pH values indicated liberation of ammonia in proteolysis. The initial pH value was rather low, 5.0, indicating that slight fermentation had occurred before preservation. The differences between additives were small. Table 8 presents the pooled results of four series of preservation treatments of clover LPC precipitated by heating or by combined heating and acidification (0.5 % HCI). There were some differences in the chemical (KOHLHEB 1978, PRIGGE and HEIER 1982) . Another good preservative was formalin used at a level of 0.2-0.4 % together with acid (NORGAARD PEDERSEN et al. 1981) . NORGAARD PEDERSEN et al. (1981) , however, found that although almost full preservation of the amino acids was achieved by adding formalin, the lysine content still showed a decrease of 20 %. Formaldehyde-treated rapeseed meal was found to have a lower lysine content than untreated meal, and digestibility and protein utilization were also poorer when it was fed to growing pigs (KOWALCZYK and OTWINOWSKA 1983) . A study should be made of the changes, occurring in the physical and chemical properties of the protein of LPC when formalin is used as an additive.
Wet preservation of LPC has advantages over dry preservation. The latter method is more expensive and substantial damage of amino acids and carotene can occur during drying, particularly when high temperatures and/ or long drying times are involved. Wet LPC (40 % DM) and low-moisture cereals (7-8 %) have been used to produce nutritionally balanced pellets with a moisture content of 15-16 % (FOOT 1974) . Anaerobic fermentation has been used to coagulate the protein in lucerne juice and to preserve the leaf protein coagula, and this method reduced the oxidative losses of lysine and methionine occurring when juice was heated in the presence of air (STAHMANN 1978) .
Wet preservation of leaf protein concentrate can be recommented when the additives used are 1 % formic acid, a mixture of acids or a mixture of formalin and acid. Fermentation losses and protein degradation were reduced to a minimum with this method. The quality of the protein in LPC preserved in wet form may be superior to that in the dried product. Wet preserved LPC deserves to be tried as a protein supplement in cereal-based diets for pigs.
